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ION OF TBE RARE PLATINUM GKOUP ELEMENTS (Rh, Ir,Ru, Os)
TION WITH SCLVATING m-DONCR LIGANDS AND POLYMERS, IN THE
THIOCYANATE SYSTEM.
Abrshem Warshawsky [1,2]

Department of COrganic Chemistry
elzmann Institute of Science, Rehovot 76100, Isreel.

eparation of the secondary PGM (Fh, Ir, Ru, 0s) complexes
de media is very difficult due to the existence of the
s in various chemical complexes forms. The formation of
ger thiocyznate comflekés allows a much more consistent
n beheviour. The extraction of the PGM thiocyanate
by m-donor solvating ligands and polymers, such as MIEK,

end Amberlite XAD-7 (2 methacrylate type polymeric
) was studied. The scheme presented is based on the
n of Ru/0s by selective distillation from thiourea
followed by formetion of the thiocyanste complexes of
ual elements., The PGM thiocyasnates are passed on XAD-7,
toves Pd, Pt, and then Rh is separated from I1r by
n with [Alamine~236) HSCN, The metals are recovered from

yanate solutions by precipitation &s sulfides,

luction

peper is a continuation in line with three previous
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ons~ ~ deseribing modern concepts for the sepesration of
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pletinum group metels (PGM). In the sbove papers, the principle

points in the separation scheme are:

(a) absorption on Monivex resin-,

(1) The concentration of the PGM group metal ions and removesl
from the bulk trensition metal elements by selective
sbsorption on isothiouronium anion excharge resina.

(2) Elution by thioures and conversion of the PGM camplexes by
oxidative hydrolysis back into PGM chloro complexes.

(3) A hydrolytic conditioning step, maintsining Pd,Pt end Au
as anionic chloro complexes, and Rh,Ir ,Ru,0s (designsted
as secondsry PGM) as mixed squa-ckloro complexes.

(4) Separation of the primery PGM (Pd,Pt) by ion-pair
extraction into teriary amine solvent, rejecting the
secondary PGM (Rh,Ir,Ru,0s) end base metsl ions in the
aqueous stream,

(5) Sepesration of pletinum from pelledium by selective
stripping with sulfur-conteining ligends: thioures for
palladium and thiocyaneste for platinum,

In continuation of that point the present paper discusses:

(A) Preconcentration of the secondary PGM by verious methods,

(B) Test work on several separation schemes, including liquid-

liquid extraction, ion exchange &nd distillstion,

Concentrgtion Methods

Three alternative concentration techniques were investigated:
3

(b) precipitation as sulfides,

(¢) reduction by hydrezine,
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The precipitstion with sodium sulfide (see Table 1) is fast,
quantitative, and ellows repid conversion to the chloro complexes
(see Experimertal). The sabsorption on Monivex resin is a more
selective concentration method, but requires longer time, and

produces a thiourees eluate,

3. Distillation of Rw_u and Oso_u

Examination of pH-potential equilibrium diagramae

for the
systems Ru—RuOu and Os-OsOu in water at 25°C, shows thet in the

presence of Cl, s an oxidant (E%=-1.36V), RuC, cen be distilled

2
et the pH velues between 1,5-12, while 030‘l be distilled at pH

values between (-1) &and 10.5. The distillation experiments

presented in Teble 2 show thst both RuC, and Osou cen be distilled

4
from thiourea solutions (i.e, eluate from anion exchenge) or from
a sulfide precipitate (Teble 2c), Selective distilletion of Osou
(and seperation from Ruou) is achieved when the pH is maintained

below 1.5, preferably between 0.1-0.5 M HC1,

4, Extrection of Rh,Ir,Ru and Os from hydrochloric acid by 5%

Alemine-336 in solvesso-150.

4,1, From synthetic sclutions. Synthetic solutions were prepered

by sesled-tube chlorinstion of the individual metels in the
presence of sodium chloride. Under the sbove conditions, the
anionic hexachloro complexes of the secondary PGM are predominant.
Under these conditions, Iridium and Csmium are well extracted, in
contrest to ruthenium and rhodium, which are poorly extracted

(Table 3), Following the extraction from individual metal ion
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TABLE I.

Precipitation ‘by Na,S at pH=10
(metal concentrations in p.p.m.)

Pt Pd Rh Ir Ru

Before precip. 50-100 5-50 100-200 10-50 50-200
After precip. 0,08 0,01 0,01 <1,0 0,08

TABLE II
Distillation of RuQy and OsOy4

CONCENTRATION IN SOLUTION CONCENTRATION

No. MEDIA METAL (p.p.m.) after time (min) IN COLLECTOR
0 30 120 150 210 (p.p.m.)
A 1.5% Thiourea Ru 290 - 40 6
pH=3-6 0s 980 0 0 o
B 1.5% Thiourea Ru 1140 1140 <5
pH=1.5 0s 1000 O 980
Sulfide
C concentrate Ru 240 24 8
pH=8+2.5

solutions, experiments in extraction from ion mixtures were
conducted end are shown in Tsble 4., In these experiments the
retio of squeous-to-orgenic phase volumes were veried in order to
determine the meximum losding capacity of the solvent.

In & conclusive counter-current separation experiment, in
which en orgeanic solvent consisting of 5% Alamine-33¢ in
solvesso-150 end containing 5000 mg/lit Ir(IV) end 25 mg/lit Ru

(I11) wes contected with 4M HC1l, which scrubbed out efficiently
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TABLE IV

Maximum loading of iridium, ruthenium and rhodium
by 5% Alamine -336 in solvesso -150

from hydrochloric acid (0.1 M).

WARSHAWSKY

IRIDIUM, g/%
AT EQUILIBRIUM

RUTHENIUM, g/2
AT EQUILIBRIUM

RHODIUM, g/%

AT EQUILIBRIUM

Ratio A o) po/a A o) po/a A 0o(1)  posa

A/O
2/1 0 0,410 0,54 0,156 2.88 0,110 0,082 0.74
3/1 0 0,590 0,0775 0,156 2.0 0,121 0,090 0.74
4/1 0 0,800 0,086 0,156 1,80 0,125 0,104 0.83
5/1 0 0,980 0,092 0,160 1.72 0.126 0.125 0.99
6/1 0 1,200 0,100 0,160 1.58 0,126 0,150 1.19
8/1 0 2,00 0,134 0,160 1.19 0,134 0,170 1.26
10/1 0 2,00 0,134 0,160 1.19 0,134 0,170 1.26
Strating solution (g/2): Ir. 0,195; Ru. 0,230; Rh. 0,151

(1) Calculated by difference from aqueous phase.
A= Aqueous phase

the Ru (III), leeving an organic stresm of 99,9% pure Ir(IV) (see

Experimentel).

0= Organic phase

4,2, From PGM-Pilot plant solutions,

presented in sect,

were promising enough to

separation of the sec. PGM in resl solutions.

from the aqueous-reject stream from the liquid-liquid extrection

pilot plant"'s.

oxidative hydrolysis

counter current

extraction

(conditioning)

experiment

step,

on

such

results of a

2]

The extraction results
sttempt e

Those were provided

The history of those solutions included

solution
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conteining (in mg/lit) Ir -126, Ru -166 end Rh -150 in the same
extraction system are presented in Table 5, The results indicste
g principsl difference in the beheviour of synthetic and pilot
plant solutions. The lstter incorporate the metel ions in various
chemical forms, some extracteble, others not. Consequently, the
conclusion is that the dilute reject solutions from the primery
PGM pilot plsmt‘.u'5 cannot be separated by extraction with tertiery
emines in the chloride system,

Next, the extraction behaviour of & feed solution obtained by
dissolution of 2 concentrete (see sect, 2) in 612/5M HCl wes
tried. In Table 6, the metal concentrations, after several
consecutive steps of contsct with 5% Alamine-336 in solvesso-150
are given, the extraction behaviour of esch element is yet agein
different. Hydrazine concentrates (see Table 6) yield solutions
which contain Ir and Ru &8s two species, with distinctly different
extraction behaviour, Sulfide concentretes (see Table 6) yield
solutions conteining Ir as & non-extrectsble species, while Ru is
mostly extractable. ~ In both cases, FRh is primserily non-
extracteble,

In conclusion, the extraction studies on synthetic solutions
of the secondary PGM in chloride media have reveeled thet the
extraction behaviour is primerily dependent on the sample history,
and it is very difficult to maintein & homogenous chemical
composition in the chloride media, Logically, this suggests that
for thet purpose & stronger ligand should be introduced, Sections

€ and 7 describe attempts in that direction,



16: 58 30 January 2011

Downl oaded At:

TABLE V
Countercurrent separation of the aqueous
product from pilot plant solution*

CONCENTRATION AT EQUILIBRIUM, p.p.m.

METAL CELL 1 CELL 2 CELL 3

Aqu. Org. Aqu. Org. Aqu. Org.

Ir 19,0 0 24.0 7,5 30 110,4
Ru 12,0 11,2 22,2 42,5 54,4 192

Rh 145 40 160 40 16,5 21,2

* five times concentrated in 5 M HC1.
A = aqueous compartment; O = organic compartment
A/0 = 1:1 Organic phase: 5% alamine-336/solvesso 150

TABLE VI

Extraction from a pilot-plant solution after concentration

by hydrazine reduction or sulphide precipitation*

CONCENTRATION IN AQUEOUS SOLUTION, p.p.m.

METAL Before After After After After After
extn 1 extn. 2 extns 3 extns 4 extns 5 extns
HYDRAZINE PRECIPITATION
Ir 970 305 305 305
Ru 762,5 562,5 572 512,5
Rh 1 450 1 368 1 337 1 312
SULPHIDE PRECIPITATION
Ir 78,3 78,2 78,2 78,3 77,3 76,8
Ru 383,2 99,2 87,5 82,5 75,0 70,0
Rh 598,3 583,3 566,6 566,6 566,6 568,8
Pt 460,7 19,3 7,3 4,7 0 0
Pd 10,3 1,7 0 0 0 0

* Redissolved in C12/ S M HCl.
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5. Extrection of Rh, Ir and Ru from perchloric acid solutions.

The distribution of the secondary PGM between solutions of
perchloric acid end 5% Alamine-336 in solvesso-150 was determined
and 18 reported in Table 7. The stripping is & non-reversible
resction, as indicated by the lerge D velues for 1-iM HCIOH,

A/0

and the corresponding 1low D velues for the re~extraction

O/A
reection, C(onsequently, perchloric acid can be used for effective
stripping of the metsl ions from the orgenic phase, but not as a

seperating mediumin counter-current extraction experiments,

€., liquid-liquid Extrection of Thiocyanate Complexes.

The extrection of thiocyanate complexes of platinum end

palledium by Alamine-336 hes been reportedu’s.

There, the
differences in the rate of formetion of the thiocyenate camplexes
st room tempereture were used to effect & separstion between Pt
end Pd, It wes also determined that the formetion of the
thiocyenete complexes of the secondary PCM required resction with
NaSCN at elevated temperature for 2-5 hours (see Table 8). The
extrsction of enionic thiocyanste complexes of the PGM by Tl-donor
type extractants are presented in Table 8.

The order of extrsction with Alemine-336, tributylphosphate
(TBP) and isobutylmethylketone (MIBK) is:

Alamine 336 > TBP > MIBK

Teriary emines are good extractants for the whole group of PGM
thiocyanates, except Ir, while phosphoric acid esters (TBP) show a
distinction between Ru, Os end Rh end Ir. MIBK shows not only @&

moderete extraction sbility, but selsc poor phase separation
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TABLE VII

Distribution coefficients for the system
HClO4 - 5% Alamine -336 in solvesso -150 (phase ratio 1:1)

HC10, IRIDIM __ RUTHENIIM RHODIUM _
™" Dajo* DojA Dajg’ Doat Pajor Posa
0,1 0 - 0.3  ‘1.54 0.26 0
0,2  0.016  2.25 0.59  0.11 0.53 0
0,5  0.031  0.87 2.5 0 0.65 0
1,0 15.5 0.83 0 0.88 0
2,0 0 0 0.94 0
4,0 0 0 0.84 0

* Back extraction from organic phase containing (p.p.m.) Ir -155
Ru -140 and Rh -34

** Reextraction from HC10, solutions containing (p.p.m.) Ir -160
Ru -140 and Rh -16

properties, As we leernt in the chloride system, the single
extrection experiments are insufficient, end counter-current
extraction experiments are needed to prove that the formstion of
the thiocyanete complexes is complete, and thast their extraction
behaviour is consistent with thet of a sipgle species,

The counter-current extraction experiments, in the systems 5%
Alemine-336 / 2% isodeconal / solvesso-150 ageinst 24 NaSCN, have
demonstreted thet Rh and Ru cen be separsted from Ir (Exp. A.,
Table 9), However, the high acidity of the squeous solution in
that experiment (2M HCl) caused the decomposition of thiocyanate
end the deposition of fine sulfur particles which initisted the

formation of crud, This was corrected in experiment B (pH=7), and
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TABLE IX

Countercurrent separation of the thiocyanates of
Rhodium, Ruthenium and Iridium in 2 M HCL (experiment A)

CONCENTR%TION (p.p.m.) IN CELL NO:
3 4

METAL mg . 1

PeP.M-Jp 0 A 0 A 0 A 0
Ir 220 153 28.0 163 32.4 20 26.4 18 24.8
Rh 1563 49 420 335 1484 95 1324 54 932
Ru. 150 2,5 78.5 25 208 ND 176 ND 161

A = aqueous compartment; O = organic compartment; ND = not

detected

consequently, good separstion between rhodium end iridium was
echieved (Table 10) (see experimental pert for the purity of the

separated metals) .

7. Absorption of PGM-thiocyanstes on Polymeric ligands with

Oxygen donors,
The liquid-liquid extrection results for the PGM-thiocyanste

complexes snd YW-donor extrectants presented in Teble 8, suggested
that many simple polymeric ligends could be used &s seperating
medie for the PGM-thiocyenate complexes, The =mmell extraction
coefficients recorded for an oxygen donor, such as MIBK, will be
multiplied seversl times on & chromatogrephic column., In order to
demonstrate this effect, we have selected Amberlite XAD-7, o
mecroporous, polymeric ebsorbent. This polyacrylste type

polymer, contains -CCO_R type donors, similer to MIBK - has been

2
shown7 to ebsorb exclusively Aucl‘," snions, yet the mechsnism of

the ebsorption wes not specified. The sbsorption properties of
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TABLE XI
Absorption of PGM thiocyanate

complexes on amberlite XAD-7

16: 58 30 January 2011

SOLUTION RESIN METAL ELUTION REGENERATION
METAL VOLUME CONC. VOLUME ABSORBED ELUENT METAL ACETONE/HC%
ELUTED
(B.V.) p.p.m. _(ml) (mg) (2 B.V.) (mg) (mg)
Pd 25 634 20 317 0.2% 312 3.2
Thiourea
Pt 5 2140 20 214 Hy0, 80°C 193
Au 7 192 20 20 0.2% 4.0 7.6
Thiourea
Ru 5 140 20 14 0.2% not
Thiourea eluted
Ir 2.8 200 20 5.6 H,0, 20°C 5.6
Rh 2 200 20 6 Hy0, 20°C 6.4

Downl oaded At:

B.V. = Bed volumes

Amberlite XAD-7 for the individuel PGM ions (ss thiocysnste
camplexes) in dilute solutions, were studied and are summarised in
Table 11. Obviously, [Pd(sch), 127, (Pt(scw), 1?7, (Au(SCN), )™ and

[Ru(SCN)g 12

are absorbed more strongly than [Rh(SCN)6]3- end
[Ir(SCN)GJB-. indiceting thst stebilization of higher eanionic
cherges and also steric factors are Important factors in
determining the ebsorption coefficients,

Since our mein Interest in this work is directed to tkre

separetion of secondary PGM, & more conclusive experiment in which
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TABLE XII
Separation of PGM thiccyanates on XAD-7 column

SOLUTION METAL RECOVERED IN VARIOUS STEPS (mg)
METAL (gogcz) %ﬁg? OUTFLOW 1 M HCZ  WATER Cap/H 0
P- WASH _ ELUTION _ REGENERATION
Pt 11.6 23.2 <D.L.  <D.L.  <D.L. <D.L.
pd 1.7 3.4 <D.L. <D.L. <D.L. <D.L.
Ru 29.4 58.8 <D.L.  <D.L.  <D.L. 20
Ir 500 1000 724 78.3 193 41
Rh 500 100 <D.L.  <D.L. 610 317.5

<D.L. = less than detection limit

the initial solution was adjusted to contain mainly Ir(III) and
Rh(III) is presented in Table 12, In the sbsorption step, &ll of
the primary PGM [Pt(II), Pd(II)] s well &s Ru(III) end Rh(III)
are quantitatively absorbed on the XAD-7 column, wheress 72,.4% of
the Ir(III) passes through the column, Weshing with 1 M HCl
retains 8ll the absorbed PGM thiocyanate complexes on the polymer,
Deprotonstion of the weak Cl-H...O=é-OR bond by water elutes the
weakly held [nh(scw)6]3' end [Ir(scn)6]3' by water. The water
eluate conteins, therefore, only Ir(II1) and Rh(III). Thus, an
effective purification of these two elements from the primary PGM
(Pd, Pt) end the volatile secondery PGM (Ru, 0s) is achieved.
Regeneration of the polymer is affected by an oxidative ligand

n-4

exchange on the polymer, converting the [M(SCN)u] (nz=metel ion

charge) to [Mclu]n'u complexes which sre not held up by the

resin7.
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£. Conclusions

The separation concepts presented in the introduction to this
peper have been tested experimentelly and were found valid, This
allows an extension of the previously described process for the
seraration of primery PGM (Pd,Pt) to the separation of secondesry
PGM (Rh,Ir ,Ru,Cs). This mey be done directly on the thiourea
eluste of the VMonivex 1ion exchange resin3, by controlled
distillation and separation of Ru/Os (see Table 12), followed by
oxidetive-hydrolysis, conversion to the thiocyanate complexes and
separation on Amterlite XAD-7 of the residual Pd,Pt from Rh,Ir
(Table 12), followed by extraction of [Rh(SCN)6]3— with
[Alemine-3236]¢HSCN, leaving [Ir(SCN)6]3' in the aqueous stream
(Table 10),

Alternstively, a concentrate can be produced by precipation
with Nazs. end this concentrate can be separated by the same
sequence of resctions, From the pure separated thiocyanate
complexes of the individusl secondary PGM metals, it is possible
to obtein (see Experimental section) by precipitation with Nazs.
the rpure sulfides, Conventionel roasting end cslcination will

lead to metallic products.

9. Experimentel

Precipitation by Sodium Sulphide (Table 1),

The following procedure was found to be effective for all the
criginel solutions resulting from liquid-liquid extraction;
whether the originsl solutions were synthetic or from matte~leach

residues,
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The pH velue of the solutions wes adjusted to 2.0 by the
addition of sodium hydroxide, and sodium sulphide wes then added
until the pH value was 10,0, The solution was boiled for three
hours, after which the pH velue wes asgsin adjusted to 2.0 (this
produced more precipitate), The solution was then filtered.

The concentration of the metals after precipitetion is given
in Table 1, The precipitate was dissolved in one of two ways:
water wes added to the precipitate and chlorine gas passed through
the slurry while stirring rapidly, or acid wes added and chlorine
bubbled through at 80-85°C for one hour. A typicel solution
resulting from the dissolution of the precipitate in 6 M
hydrochloric egcid had the following analysis (in p.p.m.)

Pt: 461; Pd: 10.3; Rh: 598; Ir: 78.3; Ru: 338

Precipitetion by Hydrazine

Five liters of an aqueous solution from the PGM pilot plant
(enslysis: PRh: 34,7; Ir: 32; PRu: 39.5 p.p.m.) wes treasted as
follows:

The pH value was adjusted to 7.0 by the addition of sodium
hydroxide. 5 ml of hydrezine hydrate were added to the solution

et & temperature of 70°‘ After standing for a2 few minutes, e
bleck precipitate was formed which settled rapidly and wes removed

by filtration. The analysis of the filtrate was as follows:
Pt: 6,1; Pd: <0.5; Rh: 1,1; Ir: 21

100 ml water was added to the precipitate and chlorine ges was
passed through the solution for 15 minutes st 70°C. The analysis

of the solution was as follows: Rh: 1450; Ir: 970; Ru: 762 p.p.m.
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Distillstion of R, and 0s0,

(A) from thiourea solution, pH 3-6 (Teble 24).

The PGM solution was treated with excess thiourea at 100°¢ for
30 minutes, the pH value was adjusted to 12.0 by the addition of
sodium hydroxide. The solution was boiled for 15 minutes, and the
precipitate filtered, slurried in weter and dissolved with the aid

of chlorine ges. The oxides were collected in 12M HC1,

(B) from pH 1.5 (Tsble 2B).

In this case, the solution was adjusted to pH 1.5 and Osou was
distilled off selectively. The best conditions for separation of
the two oxides are distillastion of Osou from 0,1-0.5M HC1,
containing 1-5% thiourea. Adjustment of the pH to 12 or 13, and
distillation of Ruou.
(C) Distilletion of Rw, from a sulfide concentrste (Table 2).

The sulfide coné;ntrate (50 g) wes dissolved in 1M

hydrochloric acid and chlorine was passed through at 80-85°C for
30 minutes. The pH value was adjusted to 8.0 and en Ingold type
405 single- jacket glass electrode, introduced for pH monitoring.
After the sppearance of & yellowish precipitate, chlorine gas was
introduced st 85°C and the pH value slowly dropped to 2.5, The
purged ges was passed through & scrubbing solution (cone. HCl),
The charecteristic deep red colour of Ru (IV) developed in the
scrubbing solution within a few minutes, After 120 minutes the pH
was adjusted to 8 and chlorine introduced st 80°C for 8 hours.
The pH velue was 3,5 at the end of the experiment. The
precipitate beheves in & reversible manner, dissolves at pH 2.0

and reprecipitates at pH 8.0.
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Precipitation of gsgg and §g§2

The distillates from the.;xperiment described in Table 2 were
treated with Naes, and the precipitate collected, washed, dried
and snelyzed. The overall purity of OSS2 is 99.887. The
impurities (in p.p.m.) are: Rk: 591, Pd: €33, Ru: 0.5, Pt: 0.1
The overall purity of RuS2 is 99.85%; the impurities are:

Rh: 158, Pt: 767, Pd: 53 p.p.m.

Countercurrent sepesration of iridium and rutkenium.

Concentrated organic feed was prepared (5 percent
Alamine-336 HC1 in Solvesso-150) contasining 1Ir: 9,000; Ru: 25
p.p.m. The aqueous stream - Y4 M hydrochleric acid. The two
phases were contacted in a series of three 60 ml cylindricel
separsting funnels, with high speed stirring for 10 minutes. The
orgaenic feed was introduced in cell no, 1, and withdrawn in cell
no. 3. The aqueous stream introduced in cell no. 1, and withdrawn
in cell no. 3. The metazl concentration at equilibrium is given

below (in p.p.m.). (A-1 stands for aqueous phese cell no, 1, 0-1

for organic phase 1, ete).

Cell no.
Metal A1 O1 A2 02 A3 03
Ir 250 & 500 352 8 500 124 .5 8 500

Ru €,6 3,7 15,0 3,0 5,6 0,7
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formation of thiocyanate complexes in chloride solutions at pH
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Solutions (100 p.p.m.) of the chloride complexes of Pt (IV),
Pd (II), Rh (III), Ru (IV), Ir(IVv), Ir (III) and Os (IV), were
adjusted to a pF value of 3.C. Sodium thiocyanate was added so
that its concentration was & g/lit &and the progress of the
resctions was followed at 20°C and 9ll°, by a Hitachi-Perkin-Elmer
Coleman 124 double-beam spectrophotometer,

At room temperature, platinum end pslladium thlocyanates form
rapidly., The rhodium complex form very slowly (the conversion is
only 20 percent after 72 hours)., Osmium does not form a complex
at this temperature, and iridium is difficult to follow since the
U.V. bands of [Ir'(SCN)6 ]3-. are masked by the sbsorption bands of
SCN~. Ruthenium undergoes fast hydrolysis resctions.

At 9H°C. pletinum, palledium, rhodium and even osmium form
complexes fairly repidly, 5 bhours ere required for complete
formation of the osmium complex. Ruthenium end iridium probably
form their complexes fairly quickly, but this is herd to

determine,

Absorption of PGM thiccyanates on Amberlite XAD-7 (Table 11).

The PGM thiocyanate complexes are passed through columns
containing 20 ml of XAD-7 at 2 flow rate of 1 ml/min, using atomic
absorption anslysis to monitor concentration in the effluent,
Although no attempt was made to reech meximum loading of the
columns, it is obvious thet Pd (II), Pt (II), Au (III) and Ru(III)

are much more strongly absorbed than Rh (III) and Ir (III) (see
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also Table 12). In the elution experiments, Ir (III) and Rh (III)
are readily eluted with cold water, while Pt (II) is eluted with
water at 80°C (or with 0.2% thioures at 20°C). Pd (II) and
Au (TII) are eluted with 0,2%f thiourea. PRu(III) is best eluted
with water after conversion of the thiocysnste complex to the

chloride complex by C12.

Absorption of thiocysnate complexes on XAD-7 (Teble 12),

(A) 500 ml of a solution contsining the PGM chloride complexes in
the following concentrations (mg/lit): Pt: 12, Pd: 1.7, Rh: 56.6,
Ru: 29.4 and Ir: 7.5 p.p.m., was adjusted to pH=2 and boiled for 2
hours with 5g NaSCN. The solution was passed though 150 ml XAD-7
preequilibrated with HCl. The metel concentration in the filtrate
wes: Pt, Pd, Rh, Ru less then 1 p.pm.; Ir - 7.1 p.p.m.

(B) In a second experiment, the same solution (2000 ml) was
sdjusted to the following concentrations: Rh and Ir, 500 p.p.m.;
Pt, Pd, Ru, as above., Then treated et pH=2 with 25 g NaSCN at
70°C for 3 hours and then passed through 300 ml of XAD-7
preequilibrated with HCl, Agein, &1l the Pt, Pd, Rh, and Ru was
sbsorbed. The column was then washed with 1 M HCl which releesed
only the entrasined iridium sslt. Elution with water recovered
both Rh and Ir. Finally, treatment with chlorine water, relessed

tre rest of Rh and Ru (see Table 12).

Counter-current sepsration of iridium, rhodium and ruthenium,

(A) A solution containing (mg/1it) Ir: 220, Rh: 1563, Ru: 159 and
2M NalCN wes kept at 70°C for 4 hours to adjust the metal forms to

the thiocysnate complexes, The feed solution was contacted with
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5% Alamine-336 in solvesso-150 in s few stages:
Funnel number 1: 5 ml of 5% Alamine-336 &nd 2% isodecancl in
solvesso-150.
Funnel number 2: 5 ml of feed solution in 0.2 M NaCNS, pH=2,
Funnel number 4: 5ml of 0.2M NaCNS in 2M HCl, The added acid
caused thiocyanate decomposition &nd crude
formation, For results see Table 9,
(B) A solution containing (mg/lit) Ir: 216 end Rh: 368 p.p.m. &s
thiocyanate complexes, previously pessed through en XAD-7 column
served as feed solution, was run segsinst 5% Alamine-336 in eight
steges as follows:
Funnel number 1: 5 ml of 5% Alamine-336 and 2% isodecsnol in
solvesso-150,
Funnel number 5: 5 ml of feed solution in 10 g NaCNS per
litre, pH=T7.
Funnel numter 8: 5 ml of 0,2 M NaCNS in H20.
In this experiment, clesr phese separation was observed, For

results see Table 10,

Precipitation of I_r§2 énd Lh_s2
The separated [Ir(SCN)GJ3- and [Rh(SCN)6]3- described in Table

10, were trested with excess Nazs. IrS, was precipitated directly

2
in the 0,2 M NaSCN solution, while [Rh(SCN)6]3- was first stripped
from the orgenic phase with 0,1 M NaOH and then precipitated with
NaZS. The spectrographic purities of those products are:

Irs2: contains (p.p.m,) Pt: 40, Pd: 91, Ru: 8 Rh: 0,44,

purity: 99.97%.



16: 58 30 January 2011

Downl oaded At:

RARE PLATINUM GROUP ELEMENTS 141
RhS,: contains (p.p.m,) Pt: 72, Pd: 83, Ru: 70 and Ir: 0,13,
purity: 99.98%.
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